Lung cancer was the most commonly diagnosed cancer and the leading cause of cancer death in 2012 all over the world; it accounted for 19 per cent of cancer deaths globally in 2012[@ref1]. Non-small cell lung cancer (NSCLC) accounts for approximately 85 per cent of all lung cancers[@ref2]. Despite recent advances in surgery, radiotherapy, and chemotherapy, the prognosis of patients with lung cancer is poor[@ref3]. Each stage of cancer development is particularly regulated by the immune system; however, complete activation of adoptive immune cells at the tumour stage may result in eradication of malignant cells, chronic activation of innate immune cells at the sites of premalignant growth may enhance tumour development[@ref4]. Adoptive immunotherapies of various killer cells and cytokine have been reported, including lymphokine-activated killer cells (LAK)[@ref5], cytokine-induced killer cells (CIK)[@ref6], tumour infiltrating lymphocytes (TIL)[@ref7] and interleukin-2 (IL-2)[@ref8]. However, their therapeutic efficacy is still controversial[@ref9][@ref10]. A meta-analysis of several randomized clinical trials (RCTs) has demonstrated immunotherapy in patients with advanced stage of NSCLC[@ref11]. But it was the subgroup analysis of cytokine immunotherapy only, there were no data of IL-2 and induced killer cells or activated killer cells therapy for NSCLC. So we performed a systemic review and meta-analysis to evaluate the efficacy and safety of IL-2, induced killer cells or activated killer cells therapy for patients with NSCLC.

Material & Methods {#sec1-1}
==================

*Literature search strategy*: A literature search was conducted in Cochrane library (Issue 2, 2013), Web of Science (1980-March 2013) and PubMed (1966-March 2013) which are English databases, and China Knowledge Resource Integrated database (CNKI) (1994-March 2013), China Biology Medicine database (CBM) (1978-March 2013), China Science and Technology Periodical database (1989-March 2013) and Wan Fang (1997-March 2013) which are Chinese databases. The keywords used were "induced killer cells" OR "tumour infiltrating lymphocytes", OR "activated killer cells" OR "interleukin-2" AND "non-small cell lung cancer" AND "randomized controlled trials". No language restrictions were applied. Various combinations of the keywords were applied.

*Selection criteria*: The inclusion criteria were as follows: *(i)* Study type: RCTs regardless of use of blinding; *(ii)* Patients with histologically diagnosed primary cancer of the NSCLC; *(iii)* Normal haematologic, renal, cardiac and hepatic function; and *(iv)* Comparison of IL-2 and induced killer cells or activated killer cells therapy versus control therapy.

The exclusion criteria were as follows: *(i)* Study type: case studies, review articles; *(ii)* Pre-existing autoimmune diseases; *(iii)* Prior immunotherapy was permitted; and *(iv)* Cannot extract the exact data.

*Data extraction and critical appraisal*: To reduce the bias and to improve the reliability, two authors checked all relevant studies independently. Data on the following characteristics were also extracted by all three authors: the clinical outcomes used to evaluate efficacy of immunotherapy in advanced NSCLC were *(i)* overall survival (OS); *(ii)* complete response (CR), partial response (PR), stable disease (SD), the total effective rate (CR+PR) according to World Health Organization (WHO) and International Union Against Cancer Criteria[@ref12], the disease control rate or clinical benefit (CR + PR+ SD); *(iii)* toxicity (adverse events) was measured according to the WHO criteria[@ref13]; and *(iv)* variation of natural killer (NK) cells, T-cell subgroups. OS was defined as the period from the treatment date to the date of death or the day of the last follow up visit. The disease control rate (DCR) or clinical benefit was defined as the rate of the sum total of CR, PR and SD.

The quality of studies was appraised independently using the following criteria: *(i)* the methods for generation sequence; *(ii)* whether blinding was reported; *(iii)* whether there was proper concealment of allocation; *(iv)* whether the groups were similar at baseline in terms of prognostic features; *(v)* whether there were incomplete outcome data; and *(vi)* whether there was selective outcome reporting. In case of studies with inadequate information to determine the above-mentioned assessment criteria, additional data were obtained direct from the authors.

Discrepancies between the two authors were resolved by discussion and consensus with the third author. The final results were reviewed by all investigators to avoid bias.

*Statistical analysis*: We estimated the combined odds ratio (OR) or hazard ratios (HR) for test cases and control cases, and expressed continuous data as weighted mean differences (WMD) with 95% confidence intervals (CIs) or as standardized weighted mean differences (SMD) if outcomes were conceptually the same but measured in different ways in the different trials. HR and CIs were calculated according to Cox proportional hazards modelling and a combined HR\>1 suggested a higher risk of poor survival. The method by Tierney *et al*[@ref14] was used to extract data when studies did not have direct information. Statistical heterogeneity assumption among studies was checked using the x^2^-based Q-test[@ref15]. When I^2^ (describes the percentage of variation across studies that is due to heterogeneity rather than chance) was not more than 50 per cent, pooled outcomes and 95% CIs were calculated using Mantel-Haenszel method with fixed-effect models[@ref16]. When significant heterogeneity (*P*\<0.1, I^2^\>50%) among the studies was detected, a random-effect model[@ref17] (Der Simonian and Laird method) was adopted. If necessary, sensitivity analysis was also performed to evaluate the influence of individual studies on the final effect. All *P*-values were two-sided. All the statistical analyses were performed using RevMan 5.1 software (The Cochrane Collaboration, Oxford, United Kingdom, 2011).

Results {#sec1-2}
=======

The original search identified 526 articles in electronic databases. Of these, 476 studies were excluded after review of the title and abstract, because these were duplicate documents, irrelevant studies and review articles. The remaining 50 articles were read in full, independently by two investigators, to assess their accordance with the predefined inclusion criteria. Finally, 10 articles were considered eligible for inclusion in the meta-analysis. Nine articles[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26] were published in English and one article[@ref27] was published in Chinese. The study flow diagram is shown in [Fig. 1](#F1){ref-type="fig"}, and the characteristics of eligible studies are summarized in [Table I](#T1){ref-type="table"}.

![Flow chart showing article selection.](IJMR-143-1-g001){#F1}

###### 

Characteristics of the selected studies (*n*=10) in the meta-analysis

![](IJMR-143-1-g002)

*Quality of trials*: The baseline characteristics of each trial were comparable. All the trials were RCTs, but six[@ref20][@ref22][@ref24][@ref25][@ref26] did not mention the sequence for generation of randomization, only two[@ref19][@ref21] trials used a sealed envelope for allocation concealment, and none of trials mentioned the using of blinding.

*Disease control rate*: Interleukin-2 or induced killer cells plus chemotherapy showed a better disease control rate (OR 2.02; 95% CI: 1.24-3.29, *P*\<0.05) than chemotherapy alone. There was no heterogeneity of the RCTs[@ref24][@ref25][@ref26][@ref27]. The fixed effects model was used to pool the result ([Fig. 2a](#F2){ref-type="fig"}).

![**(a)**. Forest plot of disease control rate for interleukin-2 or induced killer cells plus chemotherapy vs. chemotherapy alone, **(b)** Forest plot of overall survival for postoperative treatment, **(c)** Forest plot of overall survival for combination with chemotherapy.](IJMR-143-1-g003){#F2}

*Immune function*: Three studies[@ref22][@ref24][@ref25] reported variation of immune function in trial and control groups before and after treatment. In the trial group, the proportion of NK cells and T-cell subgroups CD3+ and CD4+ significantly increased and the proportion of CD8+ cells decreased before and after treatment, (*P*\<0.05) ([Table IIa](#T2){ref-type="table"}). The mean differences (MD) (95% CI) were -9.82 (-11.78,-7.87) for NK cells, -10.72 (-14.76,-6.66) for CD3+ cells, -7.02 (-10.58,-3.45) for CD4+ cells and 4.49 (1.45, 7.53) for CD8+ cells, respectively. There were no obvious changes in the control group ([Table IIb](#T2){ref-type="table"}). The proportion of NK cells and T-cell subgroups CD3+ and CD4+ significantly increased and the proportion of CD8+ cells was decreased after treatment for test group vs. control group (*P*\<0.05) ([Table IIc](#T2){ref-type="table"}). The MD (95% CI) were 11.32 (6.32, 16.33) for NK cells, 11.79 (2.71, 20.86) for CD3+ cells, 14.63 (2.62, 26.64) for CD4+ cells and -4.49 (-7.80, 1.18) for CD8+ cells, respectively. There were no obvious changes for test group vs. control group before treatment ([Table IId](#T2){ref-type="table"}). Although a random-effect model was adopted in pooled significant heterogeneity studies, in order to prove robust results of high heterogeneity outcomes, sensitivity analyses were conducted. When the influence of a single study on the overall meta-analysis estimate was investigated by omitting one study at a time, no significant heterogeneity (*P*\>0.1, I^2^\<50%) among the studies was detected. Exclusion of one study[@ref22] did not alter the main outcomes of analysis (CD3+^b^), with a range from 1.20 (95% CI: -6.53-8.93, *P*=0.76) to -0.13 (95% CI: -4.45-4.19, *P*=0.95). Exclusion of one study[@ref22] did not alter the main outcomes of analysis (CD4+^b^), with a range from 1.72 (95% CI: -4.73-8.17, *P*=0.60) to -0.14 (95% CI: -3.29-3.01, *P*=0.93). Exclusion of one study[@ref22] did not alter the main outcomes of analysis (NK^b^), with a range from 1.42 (95% CI: -3.00-5.84, *P*=0.53) to -1.15 (95% CI: -2.81-0.51, *P*=0.17). Exclusion of one study[@ref22] did not alter the main outcomes of analysis (CD3+^c^), with a range from 11.79 (95% CI: 2.71-20.86, *P*=0.01) to 10.15 (95% CI: -5.68-14.62, *P*=0.0001). Exclusion of one study[@ref22] did not alter the main outcomes of analysis (CD4+^c^), with a range from 14.63 (95% CI: 2.62-26.64, *P*=0.002) to 7.75 (95% CI: 4.35-11.15, *P*=0.001). Exclusion of one study[@ref22] did not alter the main outcomes of analysis (NK^c^), with a range from 11.32 (95% CI: 6.32-16.33, *P*=0.00001) to 8.88 (95% CI: 6.71-11.05, *P*=0.00001).

###### 

Immune function of interleukin-2 and induced killer cells for non-small cell lung cancer

![](IJMR-143-1-g004)

*Overall survival*: No significant heterogeneity was detected for the two subgroups which were defined by therapeutic categories (Fig. [2b](#F2){ref-type="fig"}, [c](#F2){ref-type="fig"}). A fixed-effect model was used for overall survival analysis. The overall survival analysis showed that test group significantly increased overall survival at the end of follow up compared with the control group (*P*\<0.05). The HR (95% CI) were 0.60 (0.46, 0.79) for the postoperative treatment ([Fig. 2b](#F2){ref-type="fig"}), 0.77 (0.60, 0.99) for combination with chemotherapy ([Fig. 2c](#F2){ref-type="fig"}).

*Adverse events*: Interleukin-2 and induced killer cells combination with chemotherapy showed no difference in anaemia, leucopenia, nausea/vomiting, granulocytopenia, pulmonary toxicity and diarrhoea; the ORs (95% CI) were 0.51 (0.14, 1.93), 0.88 (0.47, 1.63), 0.68 (0.38, 1.21), 1.25 (0.75, 2.29), 0.42 (0.12, 1.44), and 8.20 (0.44, 153.98), respectively. Interleukin-2 and induced killer cells combination with chemotherapy showed increase in non-infection fever, thrombocytopenia and rash (acne, pruritus) (*P*\<0.05). The ORs (95% CI) were 6.70 (1.44, 31.13), 1.99 (1.19, 3.31) and 23.40 (2.32, 235.54), respectively; and a decrease in fatigue (OR 0.06; 95% CI: 0.01-0.57; *P*\<0.05) ([Table III](#T3){ref-type="table"}).

###### 

Adverse events of test group vs. control group

![](IJMR-143-1-g005)

*Subgroup analysis*: Because one study[@ref22] did not present DCR and OS data for IL-2, two studies[@ref24][@ref27] did not present OS data for CIK cell, and one study[@ref21] presented duplicate OS data for LAK cell; only the LAK cell and CIK cell groups were subjected to subgroup analysis. There was no heterogeneity in the RCTs[@ref24][@ref25][@ref27], so the fixed effect model was used to pool the result ([Fig. 3a](#F3){ref-type="fig"}). CIK cell plus chemotherapy showed a better disease control rate (OR 2.84; 95% CI: 1.35-5.97; *P*\<0.05) than chemotherapy alone. Because no significant heterogeneity was found across studies[@ref23][@ref25], the fixed effect model was applied to perform meta-analysis ([Fig. 3b](#F3){ref-type="fig"}). Pooled data from these studies showed that the OS was significantly in favour of CIK cell therapy (HR 0.55; 95% CI: 0.35-0.87, *P*\<0.05). But owing to significant heterogeneity across studies[@ref19][@ref20], the random effect model was applied to perform meta-analysis ([Fig. 3c](#F3){ref-type="fig"}). Pooled data from these studies showed OS was significantly in favour of LAK cell therapy (HR 0.54; 95% CI: 0.30-0.97, *P*\<0.05).

![**(a)**. Forest plot of disease control rate for cytokine induced killer (CIK) cell plus chemotherapy vs. chemotherapy alone, **(b)** Forest plot of overall survival for CIK cell therapy, **(c)** Forest plot of overall survival for lymphokine-activated killer (LAK) cell therapy.](IJMR-143-1-g006){#F3}

In the funnel plot analysis of publication biases, the horizontal axis of the plot was the OR effect estimate and the vertical axis of the plot was the standard error (SE) of the log (OR) ([Fig. 4a](#F4){ref-type="fig"}), and in [Fig. 4b](#F4){ref-type="fig"} the horizontal axis of the plot was the HR effect estimate and the vertical axis of the plot was the standard error (SE) of the log (HR). The shape of the funnel plot was approximately symmetrical in disease control rate and overall survival, so no publication bias was detected in meta-analysis.

![**(a)**. Funnel plot analysis of publication biases for disease control rate, **(b)** Funnel plot analysis of publication biases for overall survival.](IJMR-143-1-g007){#F4}

Discussion {#sec1-3}
==========

IL-2, a T-lymphocyte activation and growth factor, is a cytokine with most important functions in the physiology of cell-mediated immunity[@ref28]. Its other biologic function includes the amplification of antibody dependent cytotoxicity, proliferative responses, cytokine production, and interferon production[@ref29][@ref30]. LAK cells are cytotoxic effector lymphocytes whose cytolytic activities are not restricted by major histocompatibility complex (MHC) and have the ability to kill tumour cells and NK-resistant tumour cell lines[@ref31]. Tumour infiltrating lymphocytes (TILs) represent part of the host immune response to human malignancy and contain an enriched population of cells with both cytotoxic and helper functions that are reactive to the autologous tumour[@ref32]. CIK cells exhibit potent, non-MHC-restricted cytolytic activities against susceptible tumour cells of both autologous and allogeneic origins[@ref6]. Dendritic cells (DCs) are the most potent antigen-presenting cells in the immune system, and are responsible for the initiation of both innate and adoptive immune responses. Cytotoxicity has been shown to be significantly increased, after DCs stimulated CIK cells[@ref33].

Primary lung cancers are treated with a combination of surgery, radiotherapy and chemotherapy. Combining cancer immunotherapy with such standard oncology treatments has been recognized as a potentially important approach[@ref34]. Li *et al*[@ref35] showed that the CD4 + CD25 + regulatory T cells decreased the anti-tumour activity of CIK cells of lung cancer patients. But two studies[@ref10][@ref36] showed that CIK cell immunotherapy could improve the antitumour effect by stratifying analysis in NSCLC patients. Hontscha *et al*[@ref37] have reported that CIK cells may prevent recurrence and improve quality of life and progression-free survival rates in patients with cancer. So we evaluated the efficacy and safety of IL-2 and induced killer cells depending on subgroups of therapeutic categories for NSCLC, and sensitivity analysis on the various efficacy parameters with alternative exclusions of one of the trials supported the conclusions.

The results of the meta-analysis showed that IL-2 and induced killer cells plus chemotherapy significantly improved the disease control rate. But Ridolfi *et al*[@ref26] showed no relevant difference in disease control rate after the addition of IL-2 to chemotherapy. Low-dose IL-2 (no induced killer cells) may activate cell-mediated immunity very slowly, and does not translate into clinical benefit quickly. The results of the meta-analysis showed IL-2 and induced killer cells significantly increased overall survival at the end of follow up for the postoperative treatment, but firm conclusion could not be drawn whether IL-2 and induced killer cells combination with chemotherapy could increased overall survival. So we excluded a single study[@ref26] (low-dose IL-2 only), and the overall combined risk outcome showed that IL-2 and induced killer cells combination with chemotherapy increased overall survival. Subgroup analysis of therapeutic category (LAK cell, CIK cell) was performed, the results showed that CIK cell therapy had a better disease control rate and overall survival, and LAK cell therapy showed a better overall survival. From a clinical point of view it would be interesting to know about histological subgroup analysis of NSCLC, but there was lack of actual data in studies included. All of these will be needed to provide sufficient data to calculate the effect sizes in future research.

Low lymphocyte count has a negative independent prognostic value for survival in advanced NSCLC[@ref38] and low lymphocyte percentage has the same unfavourable prognostic value in patients with solid tumours[@ref39]. Our meta-analysis showed that the proportion of NK cells and T-cell subgroups CD3+ and CD4+ significantly increased and the proportion of CD8+ cells decreased in IL-2 and induced killer cells treatment group. But we found significant heterogeneity which could be explained by therapeutic category of pre-operative IL-2 administration[@ref22]. Exclusion of one study[@ref22] did not alter the main outcomes of our analysis. When no significant heterogeneity among the studies was detected, sensitivity analysis indicated that our results were statistically reliable.

Interleukin-2 and induced killer cells combination with chemotherapy did not show significant toxic reactions (adverse events), including anaemia, leucopenia, nausea/vomiting. But there were limited data on other adverse events to perform a meta-analysis and, therefore, no firm conclusion could be drawn.

This systematic review and meta-analysis had some limitations: First, some RCTs[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26] included in our meta-analysis were not adequate as these did not report the detailed method of random sequence generation and concealment of allocation, and all trials did not mention the use of blinding. Second, publication bias is a wide phenomenon for all forms of meta-analysis[@ref40][@ref41]. Although we searched several databases and no publication bias was detected in our funnel plot analysis, publication bias might still be a limitation. Third, the standard preparation process of biological drugs, the combination treatment strategies, the efficacy of different cell types and other issues (dose strategy, timing, individual therapy of histological types, the long-term survival rate) mentioned above should be further explored with a large sample and rigorous clinical research. Fourth, there were limited data of detail adverse events to perform a meta-analysis.

Despite these limitations of this meta-analysis, the current evidence showed that IL-2 or induced killer cells combination therapy was efficacious in treating NSCLC and improved overall survival.
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